The photochemistry of halosubstituted aromatics and heteroaromatics has received considerable attention during the past several years. The halides which have been studied include halobenzenes [1] [2] [3] [4] [5] [6] , halonaphthalenes 3 - [7] [8] [9] [10] [11] [12] , bromobiphenyls 13 , bromopyridines 14 - 15 , bromoquinolines and bromoisoquinolines 14~16 , and bromopyrimidines [17] [18] [19] . The considerable interest in the photochemistry of halothiophenes 20 prompts us to report our results obtained with bromothiophenes and representing a continuation of om previous work on the photodebromination of bromoquinolines and bromoisoquinolines 16 . Irradiation of a 10 -4 M solution of 2-bromothiophene with 254 nm light in ether, cyclohexane, methanol, or 2-propanol gave thiophene, as identified by its UV spectrum 21 . When 3-bromothiophene was irradiated under the same conditions, decomposition as evidenced by the turbidity of the solution and the loss of resolution of the UV absorption curve was observed. Photochemical formation of thiophene from 3-bromothiophene was observed gas chromatographically at higher concentrations of the substrate (10~2 M) in ether.
It has been reported by HAVING A and coworkers 14 -15 that 2-pyridone, 3-hydroxypyridine, and 4-pyridone are the products of alkaline photohydrolysis of the corresponding bromopyridines. However, thiophene and not 2-hydroxythiophene was the only identifiable organic photoproduct when 2-bromothiophene was irradiated in aqueous methanol containing sodium hydroxide (25% 0.5 N-NaOH-75% methanol). When the amount of water or aqueous base was increased (e.g., 50% 0.5 N-NaOH-50% methanol), only photodecomposition was observed. The UV absorption spectrum of 2-hydroxythiophene is quite different from the UV spectra of thiophene and 2-bromothiophene 22 . Thus, 2-hydroxythiophene would be easily detected after irradiation if present. No discernible products were observed in the photolysis of 3-bromothiophene carried out under these conditions.
The reaction pathway is most likely radical in nature. In addition to thiophene, cyclohexyl bromide is formed from both 2-bromothiophene and 3-bromothiophene in the photolysis in cyclohexane, along with a smaller amount of hydrogen bromide. The chemical yields of thiophene and cyclohexyl bromide in the photolysis of the two bromothiophenes are summarized in Table I . With ethyl ether Table I . Chemical yields of photoproducts in the photolysis of bromothiophenes a .
Starting material Thiophene*» Cyclohexyl bromide 0
as the solvent, the main bromine-containing photoproduct is hydrogen bromide.
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It seems clear that the mechanism does not involve free radicals as such. It can be seen from Table II that quantum yields determined for the photolysis in three different solvents are practically the same in non-degassed and degassed solutions. Furthermore, both the amount of hydrogen bromide formed in the photolysis in ethyl ether and the rate of decomposition of 2-bromothiophene are not affected by the presence or absence of oxygen. Although bromothiophenes contain a heavy atom and thus one might expect participation of the first triplet state in the process, the first excited singlet state seems to be the more likely species undergoing this reaction. As mentioned above, the reaction is not quenched by oxygen. Furthermore, we have been unable to observe any phosphorescence from 2-and 3-bromothiophene. If we assume that homolytic cleavage of a C-Br bond (typical Ar-Br bond dissociation energies are ~73 kcal/mole 23 ) is one of the steps in the overall reaction mechanism, it is unlikely to occur in the first triplet state of bromothiophenes (the calculated triplet energy of bromothiophenes 24 is ~50 kcal/mole) but it seems feasible in the first singlet state (the calculated first singlet state energy of bromothiophenes 24 is -108 kcal/mole).
LEMAL and co-workers 6 have demonstrated the existence of a yc-complex between the phenyl radical and the chlorine atom in the photodechlorination of chlorobenzene in cyclohexane. Similar complexes have been described between a benzene molecule and a chlorine or bromine atom 25 -26 . It is known from the work of RUSSELL 27 that thiophene can form a complex with chlorine atoms as well. This, in addition to the small difference between the electron affinities of a chlorine and of a bromine atom (3.61 and 3.36 eV, respectively) 25 , makes the formation of a ji-complex plausible in this case. The observed facts are in agreement with the assumed formation of a rc-complex between the thienyl radical and the bromine atom (see 1) and, at the same time, suggest a possible explanation of absence of oxygen effect in the reaction.
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In order to substantiate the proposed mechanism, flash photolysis and additional experiments are currently in progress. The results of these studies will be reported elsewhere in a subsequent publication.
Experimental
Materials. Thiophene (Eastman; Pennwalt Chemicals Corp.), 2-bromothiophene (Aldrich Chemical Co.), and 3-bromothiophene (Aldrich Chemical Co.) were redistilled and their purity was checked gas chromatographically. All solvents were dried and distilled before use. Ethyl ether was degassed by distillation from sodium benzophenone ketyl into dry, nitrogen-filled flasks.
Spectral measurements. All absorption spectra were measured and spectrophotometric analyses carried out on a Cary 118 spectrophotometer. Emission measurements were done on an AmincoBowman 4-8911 spectrofluorometer with AmincoKeirs phosphoroscope.
Irradiations. All irradiations were carried out in a Rayonet photochemical reactor, model RPR-208, equipped with 254 nm lamps and using quartz cells. An MGR-100 merry-go-round unit was used to ensure equal illumination of samples. The reaction course was followed spectrophotometrically and/or gas chromatographically. In experiments carried out in the absence of oxygen, solutions were degassed by nitrogen flushing.
Quantum yields. Quantum yields were determined by 1-min. irradiations of 3.5 ml aliquots of 10 _4 M solutions of 2-bromothiophene in the respective solvent, in an especially designed combination of an irradiation tube and a UV cell. The light intensity was calculated using a ferrioxalate actinometer. When necessary, the samples were degassed by three freeze-pump-thaw cycles at liquid nitrogen temperature.
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